Orchid fleck virus (OFV) has an unusual bipartite negative-sense RNA genome with clear sequence similarities to those of nucleorhabdoviruses. The OFV genome consists of two single-stranded RNA molecules, RNA1 and RNA2 that are 6413 and 6001 nt long, respectively, with open reading frame (ORF) information in the complementary sense. RNA1 encodes 49 (ORF1), 26 (ORF2), 38 (ORF3), 20 (ORF4) and 61 kDa (ORF5) proteins, and RNA2 encodes a single protein of 212 kDa (ORF6). ORF1, ORF5 and ORF6 proteins had significant similarities (21-38 % identity) to the nucleocapsid protein (N), glycoprotein (G) and polymerase (L) gene products, respectively, of other rhabdoviruses, especially nucleorhabdoviruses, whereas ORF2, ORF3 and ORF4 proteins had no significant similarities to other proteins in the international databases. Similarities between OFV and rhabdoviruses were also found in the sequence complementarity at both termini of each RNA segment (the common terminal sequences are 39-UGUGUC---GACACA-59), the conserved intergenic sequences and in being negative sense. It was proposed that a new genus Dichorhabdovirus in the family Rhabdoviridae of the order Mononegavirales should be established with OFV as its prototype member and type species.
INTRODUCTION
Orchid fleck virus (OFV) was first found in Japan in Cymbidium plants with chlorotic or necrotic fleck symptoms (Doi et al., 1977) . It has subsequently been reported in Australia, Brazil, Denmark, Germany, Korea and USA, causing chlorotic or necrotic spots and rings in many genera of the Orchidaceae (Blanchfield et al., 2001; Gibbs et al., 2000; Kitajima et al., 2001) . OFV is thus widespread in orchids and is recognized as an important viral pathogen of orchids. OFV is sap-transmissible to Dendrobium and a few species in the families Chenopodiaceae, Solanaceae, Leguminosae and Aizoaceae (Chang et al., 1976; Doi et al., 1977) . Its virion has been observed by electron microscopy in OFV-infected leaf tissue (Chang et al., 1976) . They are bacilliform and helically constructed measuring 32-40 nm in diameter, 100-150 nm in length and with a pitch of 4?5 nm. Partially purified virions from OFV-infected leaves of Cymbidium and Odontoglossum are infectious by sap inoculation to Dendrobium (Chang et al., 1976) .
In ultrathin sections of infected orchid leaf tissue, OFV or OFV-like agents induce a characteristic, intranuclear, electron-lucent viroplasms and a large number of virions have been found in nuclei (Chang et al., 1976; Kitajima et al., 1974; Lesemann & Doraiswamy, 1975) . Virions could be seen scattered throughout the viroplasm, and they are often found associated perpendicularly with the inner membrane of the nuclear envelope (Kitajima et al., 2001) . In situ immunolabelling assays revealed that the intranuclear viroplasm contains viral structural antigens and may be the site of virion assembly (Kitajima et al., 2001) . A number of virions have also been found in 'spokewheel'-like structures inside of extrusion from the nuclear membrane toward the cytoplasm (Chang et al., 1976; Kitajima et al., 1974; Lesemann & Doraiswamy, 1975) . Rarely, enveloped virions measuring 100-120676 nm have been found in the endoplasmic reticulum (Chang et al., 1976; Lesemann & Doraiswamy, 1975) , but the relationship of these and virions is uncertain.
OFV is transmitted by the false-spider mite Brevipalpus californicus Banks in a persistent manner (Kondo et al., 2003) . Citrus leprosis virus (CiLV), Coffee ringspot virus (CoRSV) and some other viruses have also been reported to be associated with the Brevipalpus mite (Brevipalpus phoenicis Geijskes), and to have virions that resemble those of OFV in morphology, and to induce similar cytopathic effects (Chagas et al., 2003) . Based on the shape and size of the virions, OFV and other mite-borne viruses (CiLV and CoRSV) were tentatively placed as unassigned plant rhabdoviruses in the sixth ICTV Report (Wunner et al., 1995) , but OFV has subsequently been classified as a totally unassigned virus in the seventh ICTV Report because of the fact that its genome is bipartite (Calisher et al., 2000) . In a previous paper, we described briefly that the OFV genome consisted of two molecules: RNA1 and RNA2 (Kondo et al., 2003) . In this study, we report detailed data of the complete nucleotide sequence of the OFV genome and show that it resembles that of rhabdoviruses except that the genome is divided. We propose a new genus, Dichorhabdovirus, with OFV as its type species.
METHODS
Virion purification and RNA extraction. The original OFV isolate (So) from Cymbidium species collected in Okayama Prefecture, Japan was used in this study (Kondo et al., 1995) . This virus was propagated in Tetragonia expansa in glasshouses. Locally infected leaves of T. expansa were harvested approximately 324 weeks after inoculation and stored at 280 uC until used. OFV virions were partially purified from infected leaves using the method described by Miranda et al. (2000) for Rice grassy stunt virus. Nucleic acids were extracted from purified virions using SDS followed by phenol extraction and ethanol precipitation.
Electrophoretic analysis of viral nucleic acids. Electrophoresis of viral nucleic acids extracted from purified virions was done under non-denaturing and formaldehyde denaturing conditions. Approximately 0?120?5 mg viral nucleic acids and marker DNA (lambda DNA/HindIII digests) or RNA (0?2826?58 kb RNA markers; Promega) were applied to each lane of the gel. Viral RNAs released directly from the virions by heating in 1 % SDS were also analysed by electrophoresis under non-denaturing conditions.
Construction of random cDNA library of the OFV genome.
The heat-denatured RNA was fractionated by electrophoresis in agarose gel and purified from an excised gel slice using RNaid reagents (Bio 101) as instructed by the manufacturer. It was then used as template. Genomic RNA (approx. 2 mg) was transcribed into cDNA by AMV reverse transcriptase (Life Sciences) at 42 uC for 1 h using random hexamers as primer. cDNA was transcribed into double-stranded DNA using Escherichia coli DNA polymerase I in the presence of RNase H at 12 uC for 2 h and at 21 uC for 1 h. The synthesized double-stranded cDNA was made blunt-ended using T4 DNA polymerase. After EcoRI methylase reaction, EcoRI linkers were added to the ends of the cDNA and it was then hydrolysed by EcoRI, and cDNA molecules larger than 0?5 kb were selected by electrophoresis in agarose gel, as described above. The double-stranded cDNA with linkers was ligated into pGEM3Z vector (Promega) that had been hydrolysed by EcoRI and dephosphorylated. Ninety-seven sequence fragments were obtained from 40 ampicillin-resistant clones using vector primers of both orientations and/or nestedspecific primers. The sequences of the primers used in this study are available upon request.
Determination of the sequences of the 3 § and 5 § termini of OFV genome RNA. The terminal sequences of OFV were identified by rapid amplification of cDNA ends (RACE). A ligation-anchored PCR method (Wetzel et al., 1994) was used to determine the 39-terminal sequences of both RNA1 and RNA2. Purified viral genomic RNA was ligated to the 59-phosphorylated primer LF (59-GAGCT-CTGCAGCGGCCGCGAATTCT-39) using T4 RNA ligase (Takara). The reaction mixture was incubated at 16 uC overnight. First-strand synthesis was primed with the primer LR (59-GAATTCGCGGCC-GCTGCAGAGCTC-39; antisense primer of LF). The ligated region of 39-ends were amplified by PCR using the primer LR together with primers specific for OFV RNA1 or RNA2, respectively.
The sequences of the 59-terminal regions of both RNA1 and RNA2 were determined by a circular RACE method using 59 Full RACE Core Set (Takara). The cDNA was synthesized using the 59-phosphorylatedspecific primer complementary to the region near the 59-end of RNA1 or RNA2, and circularized as single-stranded cDNA using T4 RNA ligase. The ligation products were amplified from the 59-39 junction of 59-terminal cDNA by PCR using specific primer pairs for RNA1 or RNA2.
The PCR was done using Taq DNA polymerase in a Gene Amp 2400 Thermal Cycler (PE Applide Biosystems). PCR products of the 59-and 39-terminal regions of both RNA1 and RNA2 were cloned into a pGEM-T vector (Promega) and the nucleotide sequences were determined from five independent isolates.
DNA sequencing and sequence analysis. Plasmid DNA was sequenced by the dideoxynucleotide chain-termination method using the DNA sequencer 377 models (PE Applied Biosystems). The nucleotide sequences were assembled with the AutoAssembler program (PE Applied Biosystems). The nucleotide and amino acid sequences were analysed with GENETYX-MAC software package (Software Development). Databases were searched using the BLAST suite of programs from National Center for Biotechnology Information. Multiple sequence alignments and phylogenetic analyses were done using CLUSTAL W (Thompson et al., 1994) . Phylograms were produced using the TREEVIEW program (Page, 1996) .
The additional sequences used for comparative studies were collected from GenBank as follows. Northern blot analyses. Partially purified OFV genomic RNA was fractionated in a 1?4 % denaturing formaldehyde agarose gel by electrophoresis and transferred onto a nylon membrane (Hybond-N + ; Amersham). The RNA gel blots were hybridized with the strand-specific digoxigenin (DIG)-labelled riboprobes as described below. RNA1-specific riboprobes were synthesized by in vitro run-off transcription with T7 polymerase on pOU42-1 [(+) probe] or pOU42-2 (in reverse order of pOU42H1 insert) [(2) probe]. Similarly RNA2-specific riboprobes were synthesized run-off transcription with T7 polymerase on OF25 [(+) probe] or pOF25 (in reverse order of OF25 insert) [(2) probe]. These plasmids were derived from pGEM3Z. Hybridization and washing were done as advised in the protocols provided by Roche. Unlabelled strand-specific transcripts from the T7 RNA polymerase were used as standards to measure the amounts of genomic and antigenomic RNAs.
Electron microscopy. Purified virions from sucrose density-gradient fractions were negatively stained with 2 % uranyl acetate, examined in a Hitachi model H-7100 transmission electron microscope and photographed.
RESULTS

Nucleic acid components of OFV virions
OFV virions were purified by differential centrifugation, followed by sucrose density-gradient centrifugation, and the resulting virion preparation gave a single major lightscattering band in the gradient. Electron microscopy of purified preparations showed non-enveloped bacilliform or bullet-shaped virions of approximately 45-506100-110 nm (Fig. 1a) . The purified virions of OFV were infectious when sap inoculated to T. expansa. The morphology and structure of these virions were closely similar in detail to that of OFV and OFV-like virions found in several orchid genera (Begtrup, 1972; Chang et al., 1976; Lesemann & Doraiswamy, 1975) . The virions also showed morphological features resembling those found in subviral structures (nucleocapsids) of classical rhabdovirus virions from which the outer membrane had been removed by detergent treatment, even though the OFV virions were smaller than the cores of the rhabdovirus virions (Ziemiecki & Peters, 1976) .
The nucleic acid preparations extracted from OFV virions using SDS and phenol (Fig. 1b , lane 2) gave one major and two minor bands when they were fractionated by electrophoresis in a non-denaturing gel. The nucleic acid of the major band (named ss) was identified as single-stranded RNA (ssRNA) and the minor bands (named ds1 and ds2) were identified as double-stranded RNA (dsRNA) based on their susceptibility to digestion with RNase A and resistance to digestion with DNase I (data not shown). When denatured phenol-extracted viral RNAs were fractionated by electrophoresis, two species of ssRNA, designated ss1 (6?4 kb) and ss2 (6?0 kb), were detected (Fig. 1c, lanes 2  and 3) . ss2 stained less intensely than ss1. Interestingly, the dsRNAs could not be detected in the RNA preparations prepared by disrupting the OFV virions in SDS immediately before non-denaturing electrophoresis (Fig. 1d, lane  3) . These observations indicate that the detected dsRNAs (Fig. 1b) were formed by annealing of complementary viral ssRNAs during RNA extraction.
Nucleotide sequence analysis of the OFV genome
From a random cDNA library of OFV RNAs, we obtained two independent continuous sequences (RNA1 and RNA2), and their termini were determined by 39 and 59 RACE. The total number of nucleotides of OFV RNA1 and RNA2 are 6413 and 6001 nt, respectively. Computer-assisted sequence analyses identified that there were significant ORFs in only one orientation of the RNA1 and RNA2 cDNAs ( Fig. 2 and see below for details).
In order to determine the polarities of the OFV RNA1 and RNA2, Northern hybridization was done with strand-specific riboprobes. Both coding (positive) and negative-sense riboprobes were hybridized with each RNA species (Fig. 3) . To estimate the amounts of negative and positive RNAs in virions, hybridization signals were compared with in vitrotranscribed RNA standards. More negative-sense RNAs were present in virions than positive-sense RNAs. The ratios of negative to positive RNAs were nearly identical for each RNA segment (80-90 % minus and 10-20 % plus), and the amount of RNA1 was nearly three-to fourfold greater than RNA2 (data not shown). These results show that although both positive and negative RNAs are contained in virions, the negative-sense molecules of both RNA1 and RNA2 are present in excess, indicating that the OFV genome, namely the viral RNAs in the virions, is negative sense.
OFV RNA1 contains antisense information for five major non-overlaping ORFs (Fig. 2) , which were designated ORF1, ORF2, ORF3, ORF4 and ORF5. These are flanked and separated by untranslated sequences (Fig. 2) . RNA2 encodes a single-large ORF (designated ORF6) (Fig. 2) . The first AUG codons of ORF3 and ORF5 are located at positions 2577 and 4550, respectively, which are upstream of, or overlap, the putative gene-junction sequences (arrows in Fig. 2 ) of each ORF. Primer-extension analysis indicated that the transcription initiation sites of the ORF3 and ORF5 genes are located at the putative gene-junction sequences (data not shown). Thus, the first AUG codons of ORF3 and ORF5 are probably non-functional, and the second AUG codons at positions 2682 and 4580 may be the actual translational initiators.
Analysis of the encoded proteins of OFV RNA1
A BLAST database search with the amino acid sequence of the ORF1 (49 kDa) protein showed similarity to the nucleocapsid (N) proteins of plant nucleorhabdoviruses [TaVCV (27 % identity), RYSV (26 %), MMV (25 %), MFSV (23 %) and SYNV (23 %)] and a cytorhabdovirus LNYV (21 %). Thus, ORF1 probably encodes the rhabdovirus N protein. The ORF5 (61 kDa) protein also showed similarity to the glycoproteins (G) of RYSV (24 %). Moreover, the hydropathy profile of the ORF5 protein suggests an overall structure similar to those of plant rhabdoviruses (see Supplementary Fig. S1 available in JGV Online). This protein has two major hydrophobic regions at both its N and C termini, which probably constitute the signal peptide and transmembrane domains of rhabdovirus G proteins. The protein also contains two potential glycosylation sites (Asn-X-Ser/Thr) located at positions 353 and 391. Multiple alignment of the ORF5 protein and G proteins of seven plant rhabdoviruses indicated that 11 cysteine residues are similarly positioned in the aligned sequences (data not shown), and these could potentially form structurally 3 . Northern blot analysis of OFV RNAs contained in virions. RNA extracted from purified virions was hybridized to DIG-labelled riboprobes that were transcribed in vitro from inserts of subclones for RNA1 (pOU42-1 and pOU42-2) and RNA2 (OF25 and pOF25), in either the coding (+) or the antisense strand (").V, Viral RNA; VC, virus-complementary RNA.
important disulfide bridges (Walker & Kongsuwan, 1999) . These results suggest that OFV ORF5 corresponds to the rhabdovirus G protein.
ORF2 (26 kDa), ORF3 (38 kDa) and ORF4 (20 kDa) proteins showed no apparent similarities to other viral sequences in the international gene sequence databases.
Analysis of the protein encoded by the OFV RNA2
The deduced amino acid sequence of the ORF6 (212 kDa) showed significant similarity to the polymerase (L) protein (RNA-dependent RNA polymerase) of nucleorhabdoviruses [MFSV (38 % identity), MMV (37 %), RYSV (36 %), TaVCV (36 %) and SYNV (35 %)] and cytorhabdoviruses [SCV (32 %), NCMV (31 %) and LNYV (30 %)]. Moreover, the ORF6 protein showed 28 % identity to the L protein of LBVaV, which belongs to the genus Varicosavirus (Sasaya et al., 2002) . Lower similarity matches were also obtained with L proteins of the animal and fish rhabdoviruses (22-26 % identity) and other viruses within the families Bornaviridae, Filoviridae and Paramyxoviridae (less than 21 % identity), all of which have non-segmented, negativestranded RNA genomes. However, the OFV ORF6 protein showed no detectable similarity with the L proteins of viruses within the families Arenaviridae, Bunyaviridae and Orthomyxoviridae, all of which have segmented, negativestranded RNA genomes.
The L proteins of viruses belonging to the order Mononegavirales have been found to share six conserved domains (I-VI) (Poch et al., 1989 (Poch et al., , 1990 . The OFV ORF6 L protein also has these domains, except domain VI (data not shown). The similarity of the L proteins of OFV and rhabdoviruses is particularly great in domain III (Fig. 4a) . This domain contains four very distinct conserved motifs (motifs A, B, C and D) (Poch et al., 1990) that are thought to play an essential role for the RNA polymerase activity (Schnell & Conzelmann, 1995) . Motif C contains the conserved tetrapeptide GDNQ (Gly-Asp-Asn-Gln), which may have a similar function to the GDD motif in the polymerases of positive-strand RNA viruses (Poch et al., 1989 (Poch et al., , 1990 .
A phylogenetic tree calculated from the deduced amino acid sequences of the four motifs located within domain III (Fig. 4b) suggests that OFV is most closely related to nucleorhabdoviruses, especially SYNV and MFSV, and that LBVaV is more closely related to cytorhabdoviruses than to nucleorhabdoviruses (Fig. 4b) . The 39-UTR sequences of RNA1 and RNA2 were of 227 (58 % A+U content) and 182 nt (60 % A+U content), respectively. The 59-UTR sequences of RNA1 and RNA2 were 205 (61 %) and 185 nt (56 %), respectively. The 39-terminal sequences of OFV RNA1 and RNA2 (negative sense) shared the first 13 nt with a single mismatch, whereas the 59-terminal sequences shared the first 6 nt (Fig. 2) . The 39-and 59-ends of both RNA1 and RNA2 had perfect complementarity for the first six and 10 residues, respectively (Fig. 5) . The two RNAs also had the same sequences for the terminal six residues (39-UGUGUC----GACACA-59). Such complementarities are a common feature among plant rhabdoviruses (Choi et al., 1994; Revill et al., 2005; Tanno et al., 2000; Tsai et al., 2005; Wetzel et al., 1994) (Fig. 5) . The 39-and 59-terminal sequences of OFV were identical to that of MFSV for the first 5 nt and to RYSV for the first 4 nt. The 39-and 59-terminal complementary sequences of cytorhabdoviruses LNYV and NCMV have overhanging nucleotides in the 39-terminal end; however, similar nucleotides were not found in the OFV genome and they are not found in nucleorhabdovirus genomes (Fig. 5) .
Analysis of UTRs of the OFV genome
The untranslated sequences between the ORFs of OFV RNA1 were similar to one another both in length (140-240 nt) and A+U content (61-69 %). A consensus sequence (39-UAA-AUUUAUUUUGUU/AG/AUU-59) was found in all these untranslated sequences (Fig. 6a) . This sequence indicates that these are probably 'gene-junction' sequences, which are a feature of other plant rhabdovirus genomes (Heaton et al., 1989; Huang et al., 2003; Luo & Fang, 1998; Reed et al., 2005; Revill et al., 2005; Tanno et al., 2000; Tsai et al., 2005; Wetzel et al., 1994) . The consensus sequence of the OFV RNA1 was mostly identical to the MFSV genejunction sequences and was also similar to the gene-junction sequences of the other plant rhabdoviruses (Fig. 6b) .
Similar consensus sequences were also present at the 39-and 59-UTRs of the OFV genome (Fig. 6a) . Both OFV RNA1 and RNA2 possess short UTRs at the 39-and 59-ends of the 
DISCUSSION
We have sequenced the complete genome of OFV and showed that it is bipartite, negative sense. Comparative sequence analyses showed that the OFV N (ORF1), G (ORF5) and L (ORF6) proteins have significant sequence similarities to those of viruses belonging to the genus Nucleorhabdovirus in the family Rhabdoviridae. However, the deduced amino acid sequences of ORF2, ORF3 and ORF4 showed no apparent similarities to other known viral genes or sequences. The genomes of monopartite plant rhabdoviruses, such as SYNV and LNYV, consist of six genes in the negative sense in the order of N, P, sc4 or 4b (depending on the virus), M, G and L (Dietzgen et al., 2006; Jackson et al., 2005; (Fig. 7) . The genome of OFV has genes in the same order, but is split between the G protein and L polymerase genes, with the L gene present on RNA2 and the other five genes present on RNA1 (Fig. 2) . In Northern hybridization tests, no larger size of RNA than RNA1 or RNA2 was detected in the total RNA from OFV-infected plants (data not shown).
The bacilliform or bullet-shaped virions of OFV resemble those of plant rhabdoviruses, but they are smaller and lack an envelope (Fig. 1a) . Their fine structure is similar to that of the internal component of plant rhabdoviruses. The fact that OFV virions are 100-110 nm in length, namely about half the size of typical plant rhabdoviral virions, suggests that RNA1 and RNA2 are packaged in separate virions, because the length of the bullet-shaped rhabdovirions is known to be determined by the length of the RNA they contain (Jayakar et al., 2004; Schnell et al., 1996) .
The N protein (ORF1) of OFV may be the major protein forming the rhabdoviral nucleocapsid (Jackson et al., 2005) . The ORF2 protein (gene 2) contains five candidate consensus sites for phosphorylation by casein kinase II (data not shown), which are known to be important for primary phosphorylation of the phosphoprotein (P) of Vesicular stomatitis virus (Barik & Banerjee, 1992) , suggesting that the OFV ORF2 corresponds to the P protein. The ORF4 protein (gene 4) may be a counterpart of the rhabdovirus matrix protein (M), although the ORF4 protein had neither the consensus phosphorylation sites of casein kinase II nor the characteristic sequence motifs of rhabdovirus M proteins. The ORF3 protein (gene 3) may correspond to the third non-structural protein gene of plant rhabdoviruses, which has been proved to be involved in viral cell-to-cell movement in plants (Huang et al., 2005) . The ORF5 protein shows similarities to G proteins of nucleorhabdoviruses, which forms the surface spikes of the mature membrane-bound rhabdovirions (Jackson et al., 2005) . However, the enveloped virions were rarely seen in the infected plant cells (Chang et al., 1976) , suggesting that the budding process of these virions may be incomplete. One explanation is that the OFV G protein probably has only two potential glycosylation sites, whereas nucleorhabdovirus G proteins contain five to 10 glycosylation sites, suggesting that fewer glycosylation sites or less glycosylation of this protein may attenuate the membrane-budding function of OFV. Another possible explanation is that the putative M protein (ORF4) of OFV may have lost an important role(s) in virus budding as it lacks a hydrophilic region of about 50-100 aa near the C terminus of the M proteins of nucleorhabdoviruses (data not shown).
Similarities between OFV and rhabdoviruses were also found in the conserved intergenic region sequences of RNA1. The sequences of gene junctions, which are broadly conserved among rhabdoviruses, contain the regulatory signals for termination/polyadenylation of upstream mRNA transcription and initiation of transcription of the adjacent downstream mRNA (Jackson et al., 2005; . The termination/polyadenylation sequences found in plant rhabdoviruses comprise an AUrich region and a poly(U) tract (Heaton et al., 1989; Huang et al., 2003; Luo & Fang, 1998; Tsai et al., 2005; Wetzel et al., 1994) . The putative gene-junction sequences of OFV RNAs also contain a possible termination/polyadenylation sequence (39-UAAAUUUA/CUUUU-59) (Fig. 6b) . This sequence was always followed by the semi-consensus sequence GUUG(G)UU, which may be involved in the initiation of transcription of neighbouring genes of OFV genome. The similarity at the putative gene-junction regions indicates that the regulatory functions in the genome of OFV and rhabdoviruses may be similar.
Based on the similarities between OFV and nucleorhabdovirus in their genome structure, virion morphology, subcellular distribution patterns and formation of nuclear viroplasms, OFV can be regarded as a nucleorhabdovirus with a divided genome. Therefore, we propose that OFV be designated the type species of a new genus 'Dichorhabdovirus' in the family Rhabdoviridae, from the Greek root dikho-means 'apart or asunder, or split into two', and here refers to the nucleorhabdovirus that is split in two.
It is also noteworthy that LBVaV, the type member of the genus Varicosavirus, has a two-segmented, negativestranded RNA genome and its virions are not enveloped (Sasaya et al., 2001 (Sasaya et al., , 2002 (Sasaya et al., , 2004 (Fig. 7) . In addition, phylogenetic analyses of the L polymerase genes show that LBVaV is most closely related to the plant rhabdoviruses (Sasaya et al., 2002) , but sequence relationships between OFV and LBVaV are more distant than those between OFV and plant rhabdoviruses (Fig. 4b) . Furthermore LBVaV is transmitted in soil by the zoospores of a fungus vector (Sasaya et al., 2001) , whereas most plant rhabdoviruses are transmitted by aphids, leafhoppers or planthoppers, and several of them have been shown to replicate in those arthropod vectors (Jackson et al., 2005) .
OFV is transmitted by the false-spider mite B. californicus in a persistent manner (Kondo et al., 2003) . CiLV and CoRSV, which resemble OFV in virion morphology and cytopathic effects, are also transmitted by Brevipalpus mites Kitajima et al., 2003; Rodrigues et al., 2003) , but it is not known whether these mitetransmitted viruses have a bipartite genome. Several related plant viruses have positive-stranded RNA genomes that are monopartite or bipartite, but nonetheless have similar vectors. It seems that, among plant viruses, vector associations may survive evolutionary change better than genome structure.
